Malignant melanoma is characterised by a tendency to metastasise early and to be resistant to most conventional therapies. The initial surgical management of the disease would benefit if it were possible to discover whether metastasis had taken place and to which locations. Although radiolabelled antibodies and Fab fragments to several tumour cell surface antigens have been used to image melanomas successfully (Carrel et al., 1987; Eary et al., 1989) , their routine use for repetitive imaging has been limited by concerns about their potential immunogenicity, their specificity for the tumour and the reproducibility of labelling (Larson et al., 1983; Schroff et al., 1985; Reckel, 1989) . In the present paper, we suggest that some of these limitations may be avoided by the use of imaging agents derived from a-melanocyte stimulating hormone (MSH) .
MSH is a 13-residue peptide whose sequence is conserved in all mammals so far studied (Eberle, 1988) . MSH mediates a variety of neurophysiological effects (de Wied & Jolles, 1982) , but its major function is the regulation of skin pigmentation by the control of melanin synthesis and dispersal by melanocytes (Lerner & McGuire, 1961; Hruby et al., 1984) . Cell surface receptors for MSH are found on both mouse (Siegrist et al., 1988) and human (Ghanem et al., 1988; Tatro et al., 1990 ) malignant melanocytes and MSH adducts have been used to target imaging (Bard et al., 1986) and therapeutic (Liu et al., 1988) agents to melanoma cells in culture.
The N-terminal residue in MSH is blocked by an acetyl group, but this may be replaced by much larger substituents such as fluorescein (Chaturvedi et al., 1985) or biotin (Chaturvedi et al., 1984) (Atherton & Sheppard, 1989) . Initial syntheses at the Strangeways Laboratory were of low yield and a custom synthesis was performed by Cambridge Research Biochemicals. In brief, the peptide was assembled on Pepsyn K resin (2 g, capacity 0.1 mmol g-') using a benzhydrylamine linkage agent (Bernatowicz et al., 1989 (Frier & Hesselwood, 1980) . BisMSH-DTPA-l'In had an Rf of 0.7, whereas unbound indium remained at the origin. The stability of the complex was checked by TLC after the fully complexed bisMSH-DTPA-"'In had been allowed to stand for 0.5 h, 1.5 h, 5 h or 24 h at room temperature, with or without the addition of human serum (50%, v/v). In some experiments, the solvent mixture pyridine/acetic acid/butan-1-ol/water (1:5:5:4, by volume) was used. In this system, "'In-labelled bisMSH-DTPA migrates at the solvent front, whereas colloidal indium hydroxide migrates with an Rf of 0.6.
Assessment of hormonal activity
In Cloudman S91 melanoma cells, MSH stimulates a dosedependent increase in the activity of tyrosinase (E.C. 1.14.18.1) (Pawelek et al., 1973) , the rate limiting enzyme in the melanin biosynthetic pathway. This assay was used to assess the hormonal potency of bisMSH-DTPA. Cells were grown in 25 cm2 flasks containing 4 ml of Ham's FlO medium, supplemented with 10% heat-inactivated fetal calf serum, to a density of 0.5-1.0 x 104 cells cm-2 at 37°C in an atmosphere of 5% CO2 in air. MSH or bisMSH-DTPA was added and the cultures continued for 24 h. At this time the medium was changed and fresh melanotropin was added, together with 37 kBq of L-3,5-3H-tyrosine (4.3 nM). After a further 24 h, the 3H-water in the medium was determined (Lande et al., 1981) . Results were corrected for variations in cell number between flasks and expressed as a ratio over the melanotropin-free result.
Tissue distribution in vivo
Tissue distribution of bisMSH-DTPA was determined in DBA/2 mice. Tumours were induced by the intradermal or intraperitoneal injection of 2-3 x 105 Cloudman S91 melanoma cells suspended in 0.1 ml of physiological saline. After development for 18-21 days, the intradermal tumours were between 3 and 7 mm in diameter.
BisMSH-DTPA-"'In complex was prepared as described above by mixing 4 nmol peptide and 3.7 MBq carrier-free "'In in 0.5 ml citrate buffer. After 60 min the solution was diluted to 2.5 ml with physiological saline and each mouse was given 0.1 ml by intraperitoneal injection. The mice were housed separately after injection to minimise urine contamination of the skin. Animals were killed at intervals and the tissues dissected and weighed. Radioactivity was determined with a Packard Multi-Prias 4 gamma counter, using a window of 50-500 KeV. Results were corrected for radioactive decay and expressed as percentages of the injected dose per gram of tissue (wet weight).
In some experiments, mice bearing intradermal or intraperitoneal tumours were injected with bisMSH-DTPA-"'In prepared as described above, but the solution also contained a 200-fold molar excess of MSH. These mice, together with their controls (bisMSH-DTPA-"'In only), were killed after 24 h and the tissues processed as above. (Figure  2 ), at which point the level of enzyme had been elevated to 4-4.5 times that in the melanotropin-free controls. At none of the concentrations were the activities of MSH and bisMSH-DTPA significantly different from each other. The mean concentrations required for half maximal activity (ECm), derived from the pooled data from Figure 2 by a standard curve-fitting routine (Sigmaplot) were 2.81 nM for MSH and 2.93 nM for bisMSH-DTPA.
Tissue distribution of bisMSH-DTPA-"'In in vivo
Following the intraperitoneal injection of bisMSH-DTPA-"'In into mice bearing Cloudman S91 melanomas, radioactivity in tumour tissue rose to a maximum of 2.70 ± 0.24% (n = 21) of the injected dose/g tissue at 24 h, and subsequently fell to 1.92 ± 0.21% (n = 8) at 48 h (Figure 3 ). Blood levels in contrast fell rapidly after injection and by 24 h had reached 0.33 ± 0.05% (n = 21) of the injected dose per g whole blood. At 24 h, the mean tumour/blood ratio was 8.2 and at 48 h, 8.3. Elimination from the blood appeared to be exponential with a half-life of 11 h. At 24 h, all the tissues examined, apart from liver and kidney, showed significantly lower uptakes of radioactivity than tumour (P<0.001 in each case) (Figure 4 ). The lowest uptake was seen in brain (0.034 ± 0.006% injected dose per g tissue), followed by eye (0.20 ± 0.04%), heart (0.25 ± 0.03%), skeletal muscle (0.33 ± 0.06%), lung (0.40 ± 0.06%), skin (0.61 ± 0.04%) and spleen (1.13 ± 0.10%). The corresponding mean tumour/tissue ratios for these tissues were brain 80, eye 14, heart 11, skeletal muscle 8.1, lung 6.8, skin 4.4 and spleen 2.4. The uptake by the liver was not significantly different from tumour, whereas kidney uptake was significantly higher (P<0.001). Monitoring of tissue levels for 48 h and 96 h showed some increase in liver, spleen and lung. Skin and kidney levels remained constant whereas brain, eye and muscle levels continued to fall. Addition of a 200-fold molar excess of MSH to the bis MSH-DTPA-"'IIn complex reduced uptake by about half in both intradermal and intraperitoneal tumours, whereas uptakes by the liver and kidney were unaffected ( Figure 5 ). Similarly, uptakes by the spleen, lung, heart, brain, eye and skin were not significantly reduced by the presence of competing MSH.
Discussion
The use of labelled hormone molecules to study receptor dynamics and processing is a well-established technique in vitro (Shimizu & Kawashima, 1989; Solca et al., 1989 (Tatro & Reichlin, 1987) and hence the uptake we observe is almost certainly non-specific. This supposition is supported in our experiments by the inability of excess MSH to compete with uptake of radioactivity in these organs ( Figure 5 ). The high kidney activity is, in part, a function of the rapid rate of elimination from the blood, but the persistence of radioactivity at this site, even at 96 h when 85% of the initial radioactivity has been cleared from the blood, suggests an accumulation a breakdown product of the peptide or an inorganic indium colloid. The high levels of endopeptidase activity in the kidney (Stephenson & Kenny, 1988) would probably preclude the accumulation of intact peptide. The liver activity may reflect accumulation of indium following transfer from the DTPA complex to transferrin or the formation of colloidal hydroxide (Moerlein & Welch, 1981) . 11 seen with similar chelators, but can be overcome by the use of macrocylic complexing agents such as 1,4,7,10-tetraazacyclododecane-N,N',N",N"'-tetraacetic acid which form complexes which are much more stable in plasma (Moi et al., 1988) .
The half-life of MSH in rodent blood has been reported to be around 30 min (Wilson & Morgan, 1980) , whereas we have shown that the physiological half-life of radioactivity in the blood was 11 h. In the later stages of the present experiments, therefore, it is probable that most of the radioactivity was in a form other than intact bisMSH-DTPA-1"In. The relatively high levels of bisMSH-DTPA-Il'In injected, however, would have ensured that the concentration in the blood remained significantly higher than that of naturally circulating MSH for several hours. The maximum levels of bisMSH-DTPA in the blood following injection would have been about 0.8p1gml-, and, assuming that bisMSH-DTPA was broken down at approximately the same rate as the native hormone, the time taken to reach a concentration equivalent to the naturally circulating hormone (30pgml-'; Eberle, 1988) would be between 7 h and 8 h. The use of analogues of MSH with greater resistance to proteolysis (Sawyer et al., 1980; Castrucci et al., 1984) may enable lower doses to be used and higher tumour/tissue ratios to be obtained.
It can be anticipated that a clinically useful targeting agent would need to be used on several occasions in the management of melanoma and low molecular weight carriers based on naturally occurring hormones may avoid the problem of immune elimination seen with monoclonal antibody targeting (Larson et al., 1983; Schroff et al., 1985) . BisMSH-DTPA is currently in clinical trial as an imaging agent and the development of derivatives based on other analogues of MSH and more stable chelators is in progress.
